Introduction: Treatment of giant cell arteritis (GCA) involves immediate initiation of highdose glucocorticoid therapy with slow tapering of the dose over many months. Chronic exposure to glucocorticoids is associated with serious comorbidities. The objective of this analysis was to determine the glucocorticoid exposure and risk of glucocorticoid-related adverse events (AEs) in real-world patients with GCA.
PLAIN LANGUAGE SUMMARY
Patients with giant cell arteritis (GCA) are at risk of severe complications including permanent blindness. To avoid these serious complications, patients receive high doses of steroids, typically prednisone, prednisolone, or a similar glucocorticoid. The steroid dose is then reduced slowly over many months. However, relapse occurs frequently and requires additional rounds of treatment with high doses of steroids. Long-term treatment with steroids increases the risk of developing osteoporosis, infections, heart disease, diabetes, cataracts, and glaucoma. Therefore, reducing the total amount of steroids needed to treat GCA is a key challenge to improve the overall health of patients with this disease.
This study measured how the cumulative dose of steroid treatment affects the risk of steroid-related complications in patients with GCA who were treated in routine clinical practice in the United States and in the United Kingdom. Over the course of 1 year from the time of diagnosis, a patient with GCA typically received a cumulative steroid dose of 4 g or more. For each 1 g of cumulative steroid dose a patient received, that patient's risk of developing a complication related to steroid treatment increased by 3 to 8%. This increase in risk underscores the need for new therapies that reduce the total amount of steroids needed for the treatment of GCA.
INTRODUCTION
Giant cell arteritis (GCA) is the most common form of systemic vasculitis, affects medium and large arteries, and is typified by histological features of localized inflammation in the adventitia and media of arterial walls and infiltrates of macrophages, T cells, and multinucleated giant cells [1] [2] [3] [4] [5] . GCA is rare among patients aged \ 50 years, with median age of onset of 77 years [2, 3, 6] . Women are more likely than men to develop GCA [2, 7] . Caucasians of Northern European descent are at an increased risk of GCA [1] [2] [3] 8] .
Classification criteria for GCA were established by the American College of Rheumatology in 1990 [9] . Markers of inflammation, including ESR and CRP, are elevated in GCA. Symptoms comprise severe headache (often of new onset), jaw and limb claudication, scalp and tongue necrosis, polymyalgia rheumatica and visual disturbances, including blurred vision, diplopia, and amaurosis fugax [9, 10] . If untreated, vision loss can become permanent B 48 h after onset of symptoms [11] .
The standard of care for GCA involves immediate initiation of high doses of glucocorticoids to provide immediate relief of symptoms and to avoid permanent visual impairment. Treatment guidelines recommend slow tapering of glucocorticoid doses over many months after symptoms have resolved and ESR and CRP levels have normalized [12] [13] [14] [15] . Relapse is frequent, occurring in up to 50% of patients, and requires re-initiation of the last effective glucocorticoid dose or a higher dose at the physician's discretion [16, 17] .
Chronic glucocorticoid exposure in patients with GCA is associated with frequent occurrence of serious comorbidities, including osteoporosis, infections, cardiovascular disease, diabetes mellitus, cataracts, and glaucoma [16, [18] [19] [20] [21] . A similar burden of comorbidities exists in patients who received glucocorticoid treatment for rheumatoid arthritis [22, 23] . The Glucocorticoid Toxicity Index (GTI) is a recently developed tool to measure the complex burden of glucocorticoid-related comorbidities across diseases [24] . The GTI is based on a set of clinical questions, which are not captured in retrospective databases [24] . To adapt the approach of the GTI to an analysis of claims data, Medical Dictionary for Regulatory Activities groups of the GTI were translated into International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Read codes.
Mitigating the risks of glucocorticoid-related adverse events (AEs) is important, as patients with GCA tend to be older, with significant comorbidities at the time of diagnosis and treatment initiation. A quantitative understanding of the contributions of glucocorticoid exposure to risks of glucocorticoid-related AEs could inform treatment decisions and design of future clinical trials in GCA. The recently demonstrated efficacy of tocilizumab as a steroid-sparing agent in patients with GCA in the GiACTA clinical trial has created an opportunity to re-evaluate standard-of-care practices with regard to glucocorticoid therapy in this patient population [25] .
In this study, glucocorticoid exposure and glucocorticoid-related AEs were examined in two distinct real-world cohorts of patients with GCA from US and UK healthcare claims databases. These data provide a representation of current treatment practices and potential adverse consequences of glucocorticoid therapy. The objectives of this study were to describe real-world use of oral glucocorticoids and to estimate the risk of glucocorticoid-related AEs adapted from the GTI and associated with cumulative glucocorticoid exposure over time in patients with GCA.
METHODS

Data Sources
The Truven Healthcare MarketScan Ò Commercial Claims and Encounters (Commercial) database and Medicare Supplemental and Coordination of Benefits database (Medicare) contain claims data for * 65 million US patients, aged \ 65 years with private-sector insurance plans or aged C 65 years with Medicare and employer-sponsored supplemental insurance.
The Clinical Practice Research Datalink (CPRD) contains data for * 12 million patients; these data are broadly representative of the UK general population in terms of age, sex, body mass index, and ethnicity [26] . The CPRD includes information about visits to general practitioners (GPs) and demographics, outcomes, diagnoses, prescriptions, and referrals recorded by GPs. The study protocol was reviewed and approved by the Independent Scientific Advisory Committee for Medicines and Healthcare Products Regulatory Agency. Additional data for the UK cohort were obtained from Hospital Episode Statistics, which contains details of all patient admissions to National Health Service hospitals in England, including * 55% of patients in the CPRD.
This study is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors. This study used only deidentified patient data; therefore, informed consent for this study was not needed.
Study Design
This study comprised retrospective analyses of glucocorticoid use and AEs in two cohorts of patients with GCA in the United States and United Kingdom. Patients were followed for C 1 year after claims or GP-recorded data indicated a GCA diagnosis (Fig. 1) . Glucocorticoid prescriptions, glucocorticoid-related AEs, and adverse events of special interest (AESIs) were identified by code and included in the analyses.
Patient Populations
Patients with GCA who received care from January 1, 2000, to June 30, 2015 , were identified in the MarketScan database and included in the US cohort. Inclusion criteria were C 1 inpatient claim or C 2 outpatient claims separated by C 7 days and B 365 days with confirmatory GCA listed (excluding diagnostic GCA claims) among diagnoses (ICD-9-CM code 446.5); C 2 glucocorticoid prescriptions, with the first B 6 months after index (index date was defined as the first date of GCA diagnosis) and the second B 6 months after the first (National Coverage Determination [NCD]/Healthcare Common Procedure Coding System [HCPCS] codes list available on request); age C 50 years at index; evidence of receiving C 1 diagnostic workup for temporal artery biopsy, magnetic resonance angiography, computed tomography angiography or positron emission tomography computed tomography B 1 year pre-or postindex (Current Procedural Terminology [CPT]/ HCPCS codes list available on request); no confirmatory GCA claims B 1 year prior to first GCA diagnosis to ensure that the case represents a new GCA diagnosis; C 1 GCA claim after the diagnostic workup; continuous medical and pharmacy coverage and full data available for the duration of the patient's eligibility (B 30-day gaps permitted pre-index); C 365 days of eligibility prior to first GCA diagnosis; no tocilizumab exposure; C 365 days of follow-up after index date; and C 365 days of follow-up after first glucocorticoid prescription.
Patients with GCA who received care from January 1, 1995, to August 31, 2013 , in the CPRD were identified and included in the UK cohort. Inclusion criteria were aged C 50 years; diagnosis code for GCA (Read codes G755000, G755.00, G755z00, N200.00, G755100, and RG755200); C 2 prednisolone prescriptions, with the first B 6 months after GCA diagnosis and the second B 6 months after the first (Read codes list available on request); C 3 years of recorded medical history prior to first GCA diagnosis; C 365 days of follow-up after first prednisolone prescription; and no diagnosis of cancer, alcoholism, drug abuse or HIV prior to the prednisolone start date. Linkage to Hospital Episode Statistics, covering 1997 to 2012, was obtained for patients identified in the UK cohort. The years of follow-up mostly overlap between the US and UK cohorts but are not the same due to differences in access to the data at the time of the analysis.
Glucocorticoid Exposure
Oral glucocorticoid exposure was captured using the mean prednisone-equivalent dose (Supplemental Table 1 ). The start date for glucocorticoid exposure was the first date of glucocorticoid use after index. To describe realworld glucocorticoid use, cumulative glucocorticoid exposure was determined at 52 weeks and at the end of the study period using all available follow-up data. Tablet strength (i.e., 10 mg or 5 mg) and prescription quantity were summed across all glucocorticoid prescriptions (by prednisone-equivalent dose). The most frequently used prescription quantity in the cohort was used for missing values. The duration of each oral glucocorticoid prescription was calculated by combining the dosing instructions and the number of tablets prescribed. One tablet per day was assumed for missing values. For overlaps in Fig. 1 Study time frame for patients with GCA in US and UK cohorts repeat prescriptions, the total duration was extended by the number of days of overlap. For instances of two glucocorticoid prescriptions on the same date, the longer of the two prescription durations was used; these were likely prescribed to be taken together to create a higher dose. For the UK cohort, only prednisolone prescriptions were included.
Safety Endpoints
Safety endpoints included glucocorticoid-related AEs classified based on the GTI and AESIs, which were AEs observed during the tocilizumab clinical trial program [24] . Additionally, specific AEs from the glucocorticoid-related groupings and the AESI list were evaluated. For glucocorticoid-related AEs and AESIs, patients were excluded if the AE occurred B 30 days or B 365 days prior to index, depending on the AE type (Supplemental Table 2 ). Glucocorticoid-related AEs comprised diagnosis codes for blood pressure, endocrine, bone-related, muscle and tendon, eye, glucose tolerance, gastrointestinal tract, skin, and neuropsychiatric conditions [24] . AESIs to tocilizumab comprised myocardial infarction, ischemic stroke, hemorrhagic stroke, cerebrovascular accident, acute coronary syndrome, heart failure, acute hepatic failure, hepatic transplant, hepatotoxic events, gastrointestinal perforation, malignancies, serious infections, opportunistic infections, pneumonia, serious gastrointestinal bleeding events, and demyelination. Patients were classified as having experienced an AESI if hospitalization (C 1-day hospital stay) occurred with a diagnosis code indicative of the AESI on or after index. The exceptions were malignancies, which required C 1 inpatient or C 2 outpatient claims (separated by C 7 days), and serious infections, which required either hospitalization or C 1 outpatient claim requiring intravenous antibiotics (B 7 days prior to or after infection diagnosis) [27] .
Statistical Analysis
Two approaches were used to determine the association between glucocorticoid use over time and the risk of an AE: a logistic regression model and a Cox proportional hazards model. Both models estimated the risk of developing an AE associated with a 1-g increase in cumulative glucocorticoid exposure over time, where cumulative glucocorticoid exposure was modeled as a continuous variable and cumulative prednisone-equivalent exposure (in grams) was used to index glucocorticoid exposure. The logistic regression model examined the risk of an AE over the first 52 weeks from the index date. In the logistic regression model, the glucocorticoid exposure variable was modeled as the cumulative glucocorticoid dose. The Cox model evaluated the long-term risk of an AE over the full follow-up duration. The full followup duration could vary from patient to patient, with a minimum duration of 52 weeks. In the Cox model, the glucocorticoid exposure variable was modeled as a combination of the daily dose and the cumulative dose of glucocorticoids. Both models were adjusted for age, sex, baseline comorbidities (Charlson Comorbidity Index), previous disease history (occurrence of the event 30 days or 365 days prior to index) and glucocorticoid exposure as independent variables.
For the individual glucocorticoid-related AE analyses (e.g., pneumonia, fracture), patients without that specific AE were censored at the end of follow-up. Patients with the specific AE in the 30 days or 365 days prior to index were excluded from the model. Adjusted hazard ratios and 95% CIs are reported.
When incidence rates were generated and risk models were run, only those patients who had the AE under investigation were excluded, not the total number of patients who had any of the baseline exclusionary AEs.
In the GiACTA study, the mean cumulative prednisone dose was 2097.8 and 2447.0 mg in the tocilizumab weekly and every-other-week dose groups, respectively; patients in both groups received tocilizumab in combination with a 26-week prednisone taper [25] . These mean cumulative prednisone doses were applied as cutoffs to the real-world data glucocorticoid doses to categorize patients as having either high or low glucocorticoid exposure. The absolute risk difference between high and low glucocorticoid exposure groups was calculated for the risk of experiencing any glucocorticoidrelated AE within 52 weeks. The risk difference was calculated using a generalized linear model with a binomial distribution and the identity link. 
RESULTS
Baseline Patient Demographics
The demographic characteristics of both the US cohort (N = 4804) and UK cohort (N = 3973) were typical for patients with GCA (Table 1) .
Patients were predominately female ([ 70%) and elderly, with mean age of * 73 years. Among UK patients, 50.8% were overweight or obese (body mass index [ 25 kg/m 2 ), 15.6% were current and 28.9% were former smokers, and 62.0% consumed alcohol. Data on these characteristics were not available for US patients.
Glucocorticoid Use
The median (interquartile range [IQR]) starting daily dose of oral glucocorticoids among all patients in the US cohort was 50 (25-60) mg, based on prednisone-equivalent dose (Table 2) . Among the subgroup of UK patients who had complete daily dose instructions with their prescription fills (n = 278), the median (IQR) starting daily dose of oral glucocorticoids was 20 (10-40) mg. The median (IQR) cumulative dose of oral glucocorticoids at 52 weeks from the first glucocorticoid dose in the US (n = 4804) and UK (n = 3973) cohorts was 4800 (2700-7317) mg and 4000 (2380-5930) mg, respectively.
Risk of Adverse Events
A logistic regression model indicated a statistically significant increase in the likelihood of US patients experiencing any glucocorticoid-related AE associated with each 1-g increase in cumulative glucocorticoid dose in the first year following a GCA diagnosis (odds ratio [95% CI], 1.170 [1.063, 1.287]; Table 3 ). Statistically significant increases in the likelihood of developing a bone-, musculoskeletal-, eye-, glucose tolerance-, or skin-related disorder were found in the US cohort for each 1-g increase in cumulative glucocorticoid dose over 52 weeks. The likelihood of US patients experiencing an AESI to tocilizumab (odds ratio [95% CI], 1.056 [1.008, 1.105]) significantly increased with each 1-g increase in cumulative glucocorticoid dose in the first year following diagnosis. The likelihood of fractures, glaucoma, and serious infections in the US cohort were also significantly increased for each 1-g increase in cumulative glucocorticoid dose. No clear differences were found in the likelihood of a glucocorticoid-related AE or an AESI over 52 weeks between patients of different age groups.
In the UK cohort, significant increases were found in the overall likelihood of developing any glucocorticoid-related AE and the likelihood of musculoskeletal-, eye-, glucose tolerance-or skin-related disorders with each 1-g increase in cumulative glucocorticoid exposure over the first years following a GCA diagnosis. The likelihood of diabetes, glaucoma, cataracts, and serious infections was also significantly increased for each 1-g increase in cumulative glucocorticoid dose, but the likelihood of experiencing an AESI to tocilizumab was not increased (Table 3) .
Over the full follow-up in the US (mean, 3.9 years) and UK cohorts (mean, 6.3 years), the Cox proportional hazards model indicated that the risk of a glucocorticoid-related AE was significantly increased with each 1-g increase in cumulative glucocorticoid exposure (Table 4) . In both cohorts, statistically significant increased risks were associated with each 1-g increase in cumulative glucocorticoid exposure for the glucocorticoid-related AE categories of endocrine, bone-related, eye, glucose tolerance, and skin conditions; for the specific AEs of anemia, cataracts, diabetes, osteoporosis, and serious infections; and for AESIs to tocilizumab. Statistically significant increased risks were found for blood pressure and neuropsychiatric conditions in the US cohort (but not the UK cohort) and for musculoskeletal-related conditions in the UK cohort (but not the US cohort).
In the US cohort, a 9% risk reduction was observed for a glucocorticoid-related AE in the first year following a GCA diagnosis for patients who received a cumulative glucocorticoid dose that was identical to or lower than the doses received by the tocilizumab groups in the GiACTA study (Table 5 ). In the UK cohort, a 6% risk reduction was observed for a glucocorticoid-related AE in the first year following a GCA diagnosis using the same cutoffs for cumulative glucocorticoid dose.
DISCUSSION
The real-world US and UK cohorts in this study had demographic characteristics typical of patients with GCA [16, 18, 28, 29] . They were exposed to substantial cumulative doses of glucocorticoids in real-world clinical practice settings in the first year following GCA diagnosis (median, 4-4.8 g) and throughout their disease course (median, 6.8-7.2 g). Patients had a significantly greater risk of developing glucocorticoid-related AEs for each additional 1 g of cumulative glucocorticoid exposure both over the first year following diagnosis and over the full follow-up. In both cohorts, increased risk was found for diabetes (3-4.9%), fractures GC glucocorticoid, IQR interquartile range a Only prednisolone prescriptions were included in the analysis of UK patients; 1.2% of UK patients had prescriptions for other glucocorticoids (methylprednisolone was prescribed for 0.05%) b Only patients with complete information on dosage instructions were included in the starting dose calculation c Only patients who had a fill during week 26 or 56 were included; patients could be excluded if they tapered to 0 mg/day or were still on glucocorticoids but their prescription fill was not during week 26 or week 52
(1-1.9%), glaucoma (2-2.9%), osteoporosis (3-3.4%) and serious infections (2-3.2%) for each 1-g increase in cumulative glucocorticoid exposure over the full follow-up. Furthermore, patients with cumulative glucocorticoid exposure greater than the mean cumulative AE adverse event, AESI adverse event of special interest, GC glucocorticoid, NA not available, SAE serious adverse event a Regression adjusted for covariates of age, sex, Charlson Comorbidity Index, and previous disease history b Classes of AEs included in the evaluation of the Glucocorticoid Toxicity Index [24] c P \ 0.05 The increased risk of developing glucocorticoid-related AEs was consistent with previous findings in UK patients with GCA [19, 20] . Trends were similar despite the smaller size of the cohort and differences in outcome definitions in this analysis. Also consistent with previous findings, a significant increase with cumulative glucocorticoid exposure was observed for diabetes, osteoporosis, and serious infections [19, 20] .
The median starting dose of glucocorticoids in the US cohort (50 mg/day) was similar to the median starting doses previously described in an observational cohort of US patients with GCA (60 mg/day) and in a study based on MarketScan claims data that used a different definition of GCA (40 mg/day) [16, 30] . The high starting doses of glucocorticoids were also consistent with treatment guidelines for GCA (recommended starting dose, 40-60 mg/day or C 60 mg/day when visual complications are present) [13] [14] [15] . Over the full follow-up (mean, 3.9 and 6.3 years in US and UK cohorts, respectively), patients with GCA had cumulative glucocorticoid doses (mean [SD], 8.7 [8.5] g and 9.6 [8.5] g) consistent with findings that 30% of UK patients with GCA received C 10 g of oral glucocorticoids during the course of their disease [18] . In the UK cohort, the median starting dose was lower compared with the US cohort (20 vs. 50 mg/day), and lower than expected based on published European and British treatment recommendations [1, 14] . Only a small subgroup of UK patients (\ 10%) had daily dose instructions available for analysis; this subgroup may not be representative of the full cohort. The cumulative doses over the course of 1 year, however, were similar (4.0 vs.
g).
The consistent elevation in risk of developing a glucocorticoid-related AE in this study was approximately 3-5% per additional 1 g of exposure over the full follow-up. Although the absolute risk related to glucocorticoid exposure appears low, the multiple-gram cumulative exposure in individual patients over the duration of their disease course makes the risk of experiencing a glucocorticoid-related AE substantial. In a previously studied US cohort, 86% patients with GCA developed C 1 glucocorticoid-related serious AE [16] . The population- The increased risk of serious infections observed in this study is consistent with a recent prospective study in France, which found an elevated risk of serious infections and infection-related deaths during the first year after GCA diagnosis in older patients and in patients with diabetes or with long-term high-dose glucocorticoid exposure [31] . In a study of The Health Improvement Network, a general practice database similar to the CPRD, serious infection incidence rates were significantly higher in patients with GCA compared with the general population [19] .
This study has three key strengths. First, each patient cohort was [ 10-fold larger (3973 and 4804 vs. 251 patients) and had less restrictive inclusion criteria than in the GiACTA study, which excluded patients with many comorbidities that are relevant in those C 50 years of age, including malignancies, active or recent infections, immunodeficiency, liver disease and uncontrolled cardiovascular or respiratory disease [21] . Second, the patients in these cohorts received glucocorticoid doses according to the treating physician's discretion without the rigorously defined steroid tapering schedule and escape criteria used in GiACTA. Third, these analyses evaluate glucocorticoid-related safety outcomes in two cohorts of patients with a rare disease from large databases with long followup time to complement the shorter and smaller pivotal clinical trial.
This study also has several limitations. The GCA population comprises patients who have a severe disease burden and are primarily elderly; these features themselves increase the risk of AEs. Per standard of care, all patients with GCA receive glucocorticoids, so no comparisons can be made with a cohort of patients without glucocorticoid use. Claims data provide an incomplete picture for health research, as most clinical characteristics are not typically collected, few patient demographic variables are captured (increasing confounding with respect to basic characteristics in risk analyses) and outcomes important for reimbursement are likely to be overrepresented due to the databases' purposes in medical billing (not healthcare research). The MarketScan data are a nonrandom sample of patients, representing patients with access to medium to large employer-sponsored insurance plans and those who can afford to purchase commercial insurance. The CPRD lacks information on specialist and hospital visits, and linkage to other data sources is imperfect; thus care provided in hospitals or by a non-participating physician will be missed. Additionally, the CPRD has high positive predictive value but potentially low sensitivity of a disease measure, potentially biasing incidence rates toward underestimation, and codes used in the CPRD lack standardized disease definitions [26] . Both data sets have differences in underlying definitions, and underreporting in the general practice setting in the UK is likely due to data collection methods. Finally, neither data set can convey causality (e.g., if a patient is receiving another medication known to cause C 1 AE classified as a glucocorticoid-related AE).
CONCLUSIONS
This study measured the cumulative glucocorticoid dose in real-world patients with GCA and estimated a 3-8% increased risk of glucocorticoid-related AEs in these patients for each 1-g increase in cumulative glucocorticoid exposure. Further quantitative investigation is needed to understand how the cumulative glucocorticoid exposure correlates with the cumulative risk of glucocorticoid-related AEs. These findings highlight the need for widespread use of steroid-sparing therapy to prevent relapse and to accelerate glucocorticoid tapering in patients with GCA.
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